Continuous process industries depend on complex systems that operate in uninterrupted cycles using diversified resources, such as dedicated equipment; process and auxiliary materials; production and maintenance personnel; as well as several types of services. Maintenance services are an important element of these resources, focusing on asset preservation and improvement. To perform satisfactory work, maintenance teams increasingly appear to depend on the streams of knowledge that flow through them. The main objective of this paper is to investigate the relationship between the diffusion of organisational knowledge through the social network of a maintenance team and the performance indicators of the team. We conducted a survey in a Brazilian petrochemical company by collecting data from four maintenance teams. To examine that relationship we used, respectively, two proxies: the Overall Performance Index (OPI) and the Knowledge Diffusion Index (KDI). A positive correlation between OPI and KDI was noted, indicating that diffusion of organisational knowledge should be, to a certain extent, stimulated as a way of contributing to the improvement of the maintenance performance of the team.
Introduction
Continuous process industries comprise complex systems that operate in uninterrupted cycles, applying resources such as heavy equipment, production and delivery personnel, maintenance employees, materials, and a number of specific services that follow programs and plans to produce goods to satisfy client requirements. Maintenance activities stand out among other services in continuous process industries as a method for preserving the integrity, safety and availability of processes, thereby contributing to the maximisation of output and minimising operational losses.
Maintenance techniques are guided by value-adding criteria normally defined by an adopted management model that generate plans and intervention programs, which determine the actions required to achieve the desired outcomes. As a rule, maintenance plans and programs are designed, applied and periodically reviewed as a result of critical analysis, and they are performed to maintain their alignment with the organisational strategy. From these analyses, several indicators arise to assess the performance of a maintenance team. The groups of indicators can be associated to form a structure for evaluating the performance of a maintenance team.
The main objective of this paper is to investigate the dynamic relationship between the diffusion of knowledge through the social networks of maintenance teams and the performance of those teams. To evaluate this relationship we have proposed to apply two specific indexes and investigate the correlation between them. The first one is a global performance index for maintenance teams, represented by the proxy OPI (Overall Performance Index). The second one is associated to the condition of knowledge diffusion in a social network and is represented by the proxy KDI (Knowledge Diffusion Index). This paper continues with a short review of the measurement of maintenance performance, considering its most commonly adopted indicators and suggesting a general framework for choosing performance indicators (Section 2). Section 3 presents a review of social network analysis, focusing on information/knowledge centralisation and diffusion. Section 4 provides a multi-case study and analysis data from four maintenance teams, each one performing at a site of a Brazilian petrochemical company. The aim of the analysis is to find an association between the OPI and KDI. Section 5 presents the conclusion of this paper. Parida and Kumar (2006) enumerate the reasons that led to the adoption of a system for measuring the maintenance performance of a team.
Measurement of Maintenance Performance
Principally, measurement of the value added by a maintenance team is the most important goal. It is necessary to know whether the maintenance team does what is needed for the process and whether its results contribute to the business. Such a contribution would justify the maintenance investments made by the organisation, demonstrating that it produces an adequate return on the applied resources. Health, safety and environmental aspects are also objectives to encourage measuring the performance of a maintenance team because its activities contribute to the elimination of diseases, accidents and environmental effects.
New strategies for operation and maintenance are continually applied in response to market demands. Metrics are needed to evaluate the efficiency and effectiveness of adaptation actions to these new strategies and practices. Additionally, organisational structure changes with time as follows: horizontal and compact structures, the virtualisation of work, and self-managed teams, among others, have effects on the performance of maintenance services. Measurement systems should be employed to evaluate the effects of these organisational innovations.
According to Pun and White (1996) , continuous monitoring should be established to ensure the successful use of a performance measurement system as well as to control information and provide feedback to promote its own improvement. The efficient use of information, focused on improving the operation and based upon proper tools, is a relevant aspect of the success of these actions. Tsang (1998) indicates that maintenance requires a significant investment in physical assets and plays a key role in the overall performance of the organisation. The participation of maintenance activities in the total cost of the organisation is generally significant, although the level of participation depends on the segment of business considered. In a continuous process industry, the contribution to total costs is particularly expressive.
According to Dwight (1999) , a first approach to performance measurement of a maintenance team is to assess its value, based on the minimisation of expenses for the existing assets. The main objective should be to increase future income. The volatile nature of the future income concept in organisations, usually guided by the need for short-term survival, restricts maintenance funds, although it is presumed that the management is aware of the consequences of these decisions. Again, the focus is restricted to an analysis of financial performance. For example, the postponement of major maintenance of a machine potentially reduces its future capacity and reliability. Future possible losses should be considered in the face of the benefit of reducing the immediate expenses. The implementation of an analysis based on future earnings projections becomes generally impractical for routine use.
According to Parida and Chattopadhyay (2007) , the implementation of an adequate performance measurement of a maintenance team is needed to measure the effectiveness of actions taken, which justifies the investments in this activity. It is recommended that such a measurement system encompass financial and nonfinancial aspects, adopting the identical criteria used for measuring general performance throughout the organisation. The criteria for evaluation can be quantitative and qualitative. Some examples of quantitative measures are related to quality such as production (lost or increased capacity), the amount of waste generated, productivity, number of accidents, number of short and long stops, customer's claims and costs. Qualitative measurements include worker satisfaction and environmental issues, among others. Without a formal system of performance measurement it is difficult to plan, execute, monitor and properly improve the maintenance process. to monitor the team members' performance as it relates to customer satisfaction and broader aspects such as health and safety, environmental protection, financial results, and the overall efficiency of the facilities, among other applications. Some of these metrics are classified in the category of leading indicators whereas others are classified in the category of lagging indicators. Some examples of leading indicators are as follows: condition-monitoring metrics such as measurements of noise, vibration, thermography and lubrication oil analysis. By monitoring these metrics it is possible to understand the individual equipment conditions at a particular time, ensuring that it is possible to predict the individual equipment conditions in the future and to plan specific preventive actions case by case to avoid catastrophic failures. In the other category, overall maintenance costs and the mean time between failures (MTBF) are examples of lagging indicators. They are useful indices for understanding the overall past performance and tendencies of equipment and can be used to define the general preventive actions to be adopted.
The relevant data should be recorded and analysed at regular intervals to control maintenance and related activities, creating favourable conditions for decision-making and defining corrective and preventive actions. The indices of performance measurement can be based, for example, on goals associated with deadlines or on assessment of trends. If the index is positive and stable, indicating that everything is working fine, then the action can be to maintain the current status. If the index is negative or has exceeded the acceptable deviation from the target, then the decision will be to act immediately. Whenever the difference falls within acceptable limits, the decision will be to make a stricter observation of the process. Different types of charts and figures can be used to indicate the status of the index, using different category levels for performance results, such as -excellent‖, -satisfactory‖ or -unsatisfactory‖ or -requiring improvement‖, as suggested by Parida and Kumar (2006) .
A system for measuring maintenance performance should consider all the requirements according to the views of different stakeholders. These criteria can be divided into integrated performance indices from the strategic level to the operational level. Figure 1 illustrates how these indices should be derived from the vision, objectives and strategy of an organisation, observing the requirements of the internal and external stakeholders. Another way to view the system is to consider the basic levels of the organisational hierarchy, as represented in Figure 2 . In general, organisations have three or more hierarchy levels in deployment. A system for measuring the maintenance performance should consider, at least, a corporative level (strategic), a tactical level (managerial) and a functional level (operational). The proper integration of informational exchanges among these levels is a challenge to be overcome. Involving all the employees in the process of defining and measuring the maintenance performance indices appears to be a very important decision to enact. It is known that the measured performance of a maintenance team depends on decisions previously taken for each one of these levels. For example, decisions about centralisation or decentralisation of maintenance and about whether these activities will be kept in-house or outsourced are made at the strategic level. Decisions related to the budget, skills, inventory, preventive maintenance, condition monitoring, intervals between operations, repairs, replacements and overhaul are examples of decisions that occurred at the tactical and operational levels. As Figure 2 shows, the strategic goals are transformed by managers into operational objectives that work as drivers for a desired performance. Reverse flow occurs during integration of the functional objectives from the operational level to achieve Key Performance Indices (KPI) (Parida and Chattopadhyay 2007) at the strategic level. These authors suggested a multi-criteria hierarchical structure for measuring the maintenance performance of a team ( Figure 3 ). In accordance with their framework, there are seven categories (multi-criteria) of indicators of performance, which are deployed into three hierarchical levels. As seen in Figure 3 , the categories are related as follows: equipment and production; cost and finance; maintenance activities; learning and growth; customer satisfaction; health, integrity, safety and environment; and employee satisfaction. The framework is intended to guide managers in choosing maintenance performance indicators. In the actual planning and development activities there are several possible alternatives to monitor maintenance performance, and the best option should be chosen for managing that function in a particular organisation. In accordance with the criteria of the hierarchical levels of management, the framework is based on consolidation logic, i.e., the level 1 metrics are the consolidation of the level 2 metrics, and the level 2 metrics are the consolidation of the level 3 metrics. Vol. 7, No. 7; 2014 A systemic comprehension of the firm requires a view of its internal processes as well as its interface processes with the business environment in the front-end and the back-end operations ( Figure 3 ). The front-end processes should be measured according to the needs of the stakeholders such as the customers, owners, lenders, and regulatory authorities. The front-end processes include requirements for the delivery time, the quality and the HSE issues (health, safety and security). The internal processes are measured in terms of capacity, capability, reliability, productivity, efficiency, growth and innovation, among others. Finally, the back-end processes have the following type of metrics: the stability of the deliveries from suppliers, the supply chain issues and the HSE issues.
Social Network Analysis
To evaluate the effects of knowledge diffusion on the maintenance performance, this work investigates the fluxes of information in the social networks of maintenance teams. A short review of the social network analysis follows.
Graph theory is used to represent social networks as a model system composed of sets of actors and links between them, called relations or ties. This model is a simplified representation of the network that follows some (but certainly not all) of the elements of reality represented. Based on graph theory, points (called nodes) are used to represent actors, and lines connecting the points are used to represent the links between the actors. The representation of a network in a graph form (also called a sociogram) ensures that it is easier to visualise and identify the patterns in the relationships studied. Another form used to represent and summarise the data of networks is a matrix, which contains the identical information as the graphs, but is more suited for computer analysis. In this particular work, we used only sociograms, considering the representation of directional relations, where the lines are routed from one node to another. The directed graphs, called digraphs can be used to represent the directional relationships where a link has necessarily an origin and a destination (Wasserman & Faust, 2009 ).
In directed networks we can evaluate the number of arcs leaving a given node, as well as the number of arcs that reach this node. When two actors are linked to each other, reciprocity is established, and in networks in which there is a greater frequency of reciprocity, greater knowledge diffusion tends to occur.
The network related variables considered relevant to this survey are as follows: the averages of "nodal indegree‖ and -nodal outdegree‖; the -information centrality‖; and the -knowledge diffusion index‖ (KDI).
Nodal Indegree and Nodal Outdegree
Nodal indegree is the number of rows adjacent to a node, or equivalently, the number of arcs incident from a given network node. In a graphical representation, a node can be adjacent to a node or incident from another node, depending on the direction of the arc. It is necessary to consider the two cases separately. Nodal outdegree quantifies the tendency of actors to "make choices", whereas nodal indegree quantifies the tendency to be "chosen". Nodal indegree measures the responsiveness or the popularity of actors, whereas nodal outdegree measures the expansiveness of the identical node.
The average nodal indegree and nodal outdegree of all the actors in a social network can be measured using the mean values calculated with the formulas (1) presented below.
Nodal indegree and nodal outdegree calculation formulas Source: Wasserman and Faust (2009) .
The term ni represents each of the network nodes; di represents the number of nodes that are adjacent to a node, ni; do represents the number of nodes that are adjacent to the node, ni; and g represents the total number of nodes. In a complete analysis of the networks, the average nodal indegree and nodal outdegree are equal and correspond to the ratio between the number of arcs (represented by L) and the number of actors (represented by g).
Information Centrality
Many network centrality measures (such as degree, intermediation and proximity) are widely used, but, in general, only the geodesic paths (the shortest link between nodes) are considered in their calculation. Because information in a network can flow using any available path, Stephenson and Zelen (1989) proposed a new method to calculate centrality in a social network analysis, which was named information centrality. This Vol. 7, No. 7; 2014 concept is based on statistical theory and considers all existing links between actors, analysing the information contained in each path. This method does not consider who transmits the information to whom, but rather if there is any way in which the information can flow.
The information centrality calculation method is provided by this formula (2), in which Dij is a measure of the distance between actors, corresponding to the number of lines in each interconnecting path. Iij corresponds to the reciprocal of this distance measure, called the information measure of each path, and IC is a measure of the information centrality of a network with n actors. Information centrality calculation formula Source: Stephenson and Zelen (1989) .
Knowledge Diffusion Index (KDI)
The knowledge diffusion index measures the knowledge socialisation level existing among the network members. KDI, as initially proposed by Rosa (2008) , can be obtained by multiplying two factors, the average nodal indegree (or nodal outdegree) and information centrality.
Formula (3) shows the mathematical representation of the knowledge diffusion index (KDI).
Knowledge Diffusion Index calculation formula Source: Rosa (2008) .
Maintenance Performance Face to Knowledge Diffusion-A Multi-Case Study
The main objective of this study is to investigate the association between the performance of maintenance teams and their existing conditions for knowledge diffusion. To achieve this goal it was decided initially to investigate these aspects for six maintenance teams of a Brazilian petrochemical company operating in plants installed at sites throughout the country. The study addressed two sets of variables. The first set corresponds to the variables associated with performance measurement of a maintenance team as discussed in Section 2. The second set corresponds to the variables associated with favourable conditions for knowledge diffusion in a network as outlined in Section 3. A survey was given to the six teams to collect the two sets of variables. Subsequently, the manner in which each set related to the other was verified.
Collecting the Indicators of Maintenance Performance-the Overall Performance Index (OPI)
To propose an index for the overall maintenance performance of a team, the idea of a hierarchical multi-criteria structure was followed. To be representative of the entire company, a survey investigating the performance index was conducted in six important industrial plants of the company; three plants were located in Bahia state, one in Rio Grande do Sul state and two in Sã o Paulo state. In this paper they are identified as sites A to F, respectively, to preserve information confidentiality.
An array of 29 maintenance performance indicators were selected from the multi-criteria framework suggested by Parida and Chattopadhyay (2007) , and we asked the manager of each team to indicate which of these indicators are effectively adopted by his team to monitor its performance. Figure 4 shows a chart representing the frequency of adoption of the indicators by teams. These frequencies show how the use of each indicator is spread throughout the company. In general, 25 indicators are more frequently applied at the sites, and three or more sites apply these 25 indicators for their performance measurement. We used these indicators to construct the set of 25 performance variables. The next step was to calculate an overall performance index (OPI) for each team, and to do that, we used the identical criteria employed in a survey developed by the Brazilian Maintenance Association (Abraman, 2009 ) to investigate the general condition of maintenance function in the country. A score and a weight for each of the 25 indicators of the set was shown. The score represents the degree of excellence of an indicator for a particular site. The weight represents the hierarchical importance of an indicator to the management.
The scores were valued on a scale from 0 to 10, as detailed in Appendix A. Score 10 was attributed to the best result found, and score 0 was attributed to sites that had no measurement of that specific indicator. Although this assumption can cause some distortion (because no measurement of a specific task does not necessarily represent poor task performance), it was considered that this possible distortion is not relevant for this case study because few measures with a score equal to zero were found.
A questionnaire was given to gather the scores of the set of performance indicators among 117 members of the six maintenance teams. A total of 81 useful responses provided a satisfactory evaluation of the excellence degrees for each of the 25 performance indicators reached in each site.
Two values were adopted for weight as follows:
Weight 6 was attributed to the strategic and tactical indicators with a significant effect on the performance of maintenance according to the multi-criteria hierarchical structure for maintenance performance measurement (see Figure 3) . Examples of this type of indicator are those that are associated with the following factors: availability and maintenance downtime; maintenance costs and output quality; and the incidence and consequence of labour accidents. Strategic and tactical indicators are directly related to the expectations of the stakeholders.
Weight 3 was attributed to operational indicators, which have less effect than the strategic and tactical outcomes of maintenance. Examples of this type of indicator are those that are related to operational tasks including the following: monitoring of the mean time between failures; the lubrication, inspection and calibration schedule; the spare parts turn-around; internal training; waste control; the follow-up of contractor performance and monitoring of corrective actions, among others.
The values established for the weights (6 or 3) were based on the consensus of the maintenance managers of the 
Collecting the Indicators of Knowledge Diffusion-the Knowledge Diffusion Index (KDI)
To map the network of knowledge diffusion for each site, a questionnaire was designed primarily to collect information about the relationships among the team members for the implementation of their tasks. This questionnaire was applied to the identical 117 members of the six maintenance teams as the questionnaire calculating the overall performance index in sub-section 4.1. From their responses, it was possible to identify the existing relationships within each team, particularly the information sources and destinations, to calculate the most important network parameters such as the nodal indegree/outdegree, the information centrality and the knowledge diffusion index (KDI).
To assess the relationship in a team as realistically as possible, we used only survey data from teams with participation of over 80% of its total workforce. The responses from sites D and E were discarded, and the knowledge diffusion data were restricted to sites A, B, C and F, which were the only sites to reach the percentage of responses considered satisfactory for adequate representation. We considered the particularities of sites A and B because the maintenance team members from sites A and B work together in the same facilities and are supervised by the same manager. In this condition, the analysis of their networks was conducted as one single team (represented by -site A/B team‖) composed of 47 members identified from A-01 to A-47 in Figure 6 . Sites C and F were composed of 10 and 5 members, respectively, with members identified as C-01 to C-10 and F-01 to F-05 in Figures 7 and 8. www Vol. 7, No. 7; 2014 The described data gathered during the research fieldwork allowed us to formulate an analysis of three existing social networks identified as A/B, C and F, as shown in Figures 6, 7 and 8.
Each link between two actors (the maintenance team members) was defined according to their responses to the questionnaire and represents the existence of one or more reciprocal communication relationships established to seek information during maintenance activities. Overall, these links provide a clear picture of each network at a given period of time and graphically represent the existing recorded interactions. They indicate the complexity and density of the interactions between the actors in the network.
These processes of information exchange carried out by team members are primarily based on their tacit knowledge of the routine work, and they are particularly to clarify specific issues related to problem solving activities and improvement suggestions. Eventually, the technical solution achieved will be transformed into explicit knowledge as a formal procedure to be adopted and registered in the best practices blueprint of the company.
This type of relationship, which is actually a process of ‗learning by doing', is repeated throughout the maintenance team network, fostering continuous improvement of the overall performance of the team. Each of the 25 maintenance performance indicators selected to construct the Overall Performance Index (OPI) reflects a particular feature of this rich and complex learning process. A matrix for each of the three networks was assembled using Ucinet software, which shows the relationship between the actors. The crossings of the rows and columns represent actor involvement, and the corresponding cells show the amount of socialised information. It was assumed that this amount of information indicates the degree of importance of the link between the actors within the social network.
For each matrix, the average nodal indegree and outdegree were initially calculated using the Ucinet software, adopting the non-symmetric mode, to consider the inclusion of the values of the diagonals. The option of including the values of the diagonals is because some survey respondents made a self-reference to the production or use of the knowledge generated that was considered an actual fact, and these references should be included in the analysis. Subsequently, the information centralities were calculated including the values of the diagonals for the same reason as for the calculation of nodal indegree and outdegree. From the average nodal indegrees/outdegrees and information centralities, the KDI values were calculated in accordance with formula (3) (see section 3). Table 1 shows the figures for sites A, B, C and F, where the last column exhibits the values for the corresponding OPIs. The figures related to the networks (the nodal indegree/outdegree, centrality and KDI) for sites A and B are identical because they constitute one network. Source: the authors using Ucinet software.
Relationship between OPI and KDI
The figures presented in Table1 show that better maintenance performance, as measured by the overall performance index (OPI), was obtained at the sites with a correspondingly higher knowledge diffusion index (KPI). These results suggest that there is a correlation between the performance of a maintenance team and favourable conditions for knowledge diffusion in its social network. We could conclude that a team with favourable conditions for knowledge diffusion (represented by a social network with higher than average rates of nodal indegree/outdegree and information centrality) enables information to -travel‖ by its network with higher -speed‖ and lower -noise‖ levels, explaining their best performance. Figure 9 shows graphically a correlation between the OPI and KDI, based on the data obtained in this survey for sites A, B, C and F.
www.ccsenet.org/ibr
International Business Research Vol. 7, No. 7; 2014 Figure 9 . Correlation between OPI and KDI Source: the authors.
An increase in the knowledge diffusion index (KDI) corresponds to an increase in the overall performance index (OPI). It appears that a method of obtaining better maintenance performance would be to improve the team capacity for knowledge diffusion. This conclusion is in accordance with common sense that it is possible to obtain incremental improvement in organisational performance by increasing the efforts directed at socialisation of the knowledge applied to produce the desired results. a) The OPI has a value approximately equal to 2.7, for a KDI value equal to zero. The KDI value of zero could result from an average nodal indegree/outdegree equal to zero and/or from an information centrality equal to zero. We understand that the maintenance teams with a minimum level of knowledge diffusion can produce some results, although this level will most likely be considered lower than expected by the organisation. b) Organisational maturity improvement normally requires a greater effort to produce performance increases beyond those already obtained. The proposed model shows that a reduction of favourable conditions for knowledge diffusion results in an increasing loss of performance.
c) The OPI has a maximum value of approximately 8 points on a scale from 0 to 10, corresponding to a KDI equivalent of approximately 6.5 points. Apparently, the efforts to increase the knowledge diffusion beyond this point would not result in improvement in performance because the curve shows decreasing marginal increments of the OPI. This finding could be explained by considering that very high knowledge diffusion intensity causes information overload, reflecting in decreasing performance results.
Final Remarks
This work determined that a significant part of the knowledge that a team member applies is composed of captured information from other members with whom he/she has a relationship during the performance of his/her tasks within the team. The survey respondents indicated that to solve problems they obtain information by consulting other members of their social network inside the team in addition to following formal procedures and documents.
In continuous processing industries, it is generally accepted that documents and formal procedures are the most important source of information because of the high risk involved in their operation and integrity. The study shows that constructing knowledge networks and exploiting their interactions among team members could be a www.ccsenet.org/ibr International Business Research Vol. 7, No. 7; 2014 very important way to achieve a higher level of work performance.
This paper reveals that team performance appears to be influenced by favourable conditions for knowledge diffusion among team members. The knowledge diffusion index (KDI) could be used as a metric of these conditions. The results presented in this paper indicate that managers should consider the benefits of improving the knowledge diffusion conditions within their teams for improving performance.
It is important to note that the proposed correlation between the OPI and the KDI is based on an exploratory study performed with a small number of maintenance teams. The correlation that was determined, as well as the associated conclusions, must be considered representative within the limits of the survey. Future research extending the approach in this work to the study of social networks in other types of activities is suggested to validate the hypothesis that the relationship between overall performance and knowledge diffusion is independent of the type of organisation and network. Results per Site
